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
6WXGLHV RI ZDWHU UHVRXUFH V\VWHP UHVLOLHQFH DUH JHQHUDOO\ FRQFHUQHGZLWK WKUHH DVSHFWV >@ FURVVLQJ D FHUWDLQ
SHUIRUPDQFHWKUHVKROGUHVSRQVHDQGUHFRYHU\DIWHUGLVWXUEDQFHVDQGDGDSWLYHFDSDFLW\DQGPDQDJHPHQWDOORIZKLFK
DUHLQWHUUHODWHGDQGFRQWULEXWHWRDFRPSUHKHQVLYHUHVLOLHQFH$VXVWDLQDELOLW\LQGH[LVSURSRVHGE\6ROLVHWDO>@IRU
ZDWHU UHVRXUFHV SODQQLQJ DQG PDQDJHPHQW ,W LV GHILQHG DV WKH JHRPHWULF DYHUDJH RI WKUHH PHWULFV UHOLDELOLW\
UHVLOLHQFHDQGYXOQHUDELOLW\7KH\DUHFDOFXODWHGDVWKHSUREDELOLW\RIZDWHUVXSSO\PHHWLQJGHPDQGSUREDELOLW\RI
VXSSO\PHHWLQJGHPDQGDIWHUDQLQVWDQFHRILQVXIILFLHQWVXSSO\DQGWKHDYHUDJHZDWHUGHILFLWUHVSHFWLYHO\
6SHFLILFDOO\ IRU ZDWHU GLVWULEXWLRQ V\VWHPV 7RGLQL >@ SURSRVHG D UHVLOLHQFHPHWULF GHILQHG DV RQHPLQXV WKH
TXRWLHQWRISRZHUGLVVLSDWHGLQWKHQHWZRUNWRVDWLVI\WRWDOGHPDQGDQGPD[LPXPSRZHUWKDWZRXOGEHGLVVLSDWHGLQ
RUGHUWRDFKLHYHPLQLPXPDOORZDEOHKHDGDWHDFKQRGH7KHILUVWTXDQWLW\LVIRXQGE\PRGHOLQJWKHQHWZRUNXQGHU
RQHGHPDQG VFHQDULRZKLOH WKH VHFRQG LV JLYHQE\ DGGLQJ WKH ³H[FHVV´SRZHU WR WKH ODWWHU$OWKRXJK WKHPHWULF
LQGLFDWHVWKHSRZHUVXUSOXVDYDLODEOHWRGHGLVVLSDWHGLQWHUQDOO\LQFDVHRIIDLOXUHVLWGRHVQRWUHIOHFWKRZWKHV\VWHP
ZLOOIXQFWLRQGXULQJHPHUJHQF\HYHQWVRUKRZLWZLOOUHFRYHU7KHSUHVHQWVWXG\DOVRSURSRVHVHQHUJ\EDVHGPHWULFV
WRHYDOXDWHQHWZRUNSHUIRUPDQFHEXWHYDOXDWHVHQHUJ\HIILFLHQF\ LQGLIIHUHQWVFHQDULRV VLPLODU WR6ROLVHWDO >@
LQFOXGLQJGXULQJDQGDIWHUIDLOXUHHYHQWV
,QDGGLWLRQWRHQHUJ\HIILFLHQF\ZDWHUGLVWULEXWLRQQHWZRUNSHUIRUPDQFHGHSHQGVRQWKHDELOLW\WRGHOLYHUZDWHUWR
XVHUV7KHFRQQHFWLYLW\SDWWHUQEHWZHHQQRGHVDQGOLQNVLQZDWHUGLVWULEXWLRQQHWZRUNVDIIHFWVUHOLDELOLW\HIILFLHQF\
DQG UREXVWQHVV 3LSHEULGJHV IRU LQVWDQFH ZKLFK GLUHFW ZDWHU IURP D UHVHUYRLU WR D JURXS RI FRQVXPHUV FDQ
VLJQLILFDQWO\LPSDFWV\VWHPYXOQHUDELOLW\$QHWZRUNEDVHGDSSURDFKFDQSURYLGHXVHIXOLQVLJKWRQWKHORFDWLRQDQG
H[WHQWWRZKLFKUHGXQGDQF\VKRXOGEHDOORFDWHGJLYHQDFRVWEHQHILWDQDO\VLV>@.DWLIRULHWDO>@H[SORUHGWKHFDXVHV
IRU QRQORRSHG DQG ORRSHG QHWZRUNV LQ WUHHV DQG OHDYHV UHVSHFWLYHO\ 7UDQVSRUW QHWZRUNV RSWLPL]HG IRU HQHUJ\
HIILFLHQF\ZHUHIRXQGWREHZLWKRXWORRSV5DQGRPGDPDJHDQGIOXFWXDWLRQVLQORDGDQDORJRXVWRSLSHEUHDNVDQG
YDULDWLRQVLQGHPDQGOHDGWRWKHSUHVHQFHRIORRSVIRUUHVLOLHQFH,QRUGHUWRDQDO\]HWKHUREXVWQHVVDQGUHGXQGDQF\
RIZDWHUGLVWULEXWLRQQHWZRUNV<D]GDQLHWDO>@XVHVWDWLVWLFDOPHDVXUHVRIWKHVWUXFWXUDOSDWWHUQV+HUHLQWKLVFRQFHSW
ZDVH[WHQGHGWKHVWUXFWXUDOPHWULFRIWKHV\VWHPLVUHODWHGWRWKHSHUFHQWDJHRIGHPDQGWKDWUHDFKHVFXVWRPHUVLQWKH
FDVHRIDSLSHEUHDN
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0HWKRGRORJ\
$QH[DPSOHQHWZRUNJLYHQLQ(3$1(7>@ZDVPRGHOHGLQRUGHUWRGHWHUPLQHV\VWHPHQHUJ\HIILFLHQF\DQG
SURSRVHGSHUIRUPDQFHPHWULFV(QHUJ\WKHSURGXFWRIVSHFLILFZHLJKWKHDGIORZDQGWLPHZDVFDOFXODWHGIRUDOO
FRPSRQHQWV7KHHQHUJ\PHWULFVZHUHEDVHGRQGHILQLWLRQVE\']LHG]LFDQG.DUQH\>@(QHUJ\VXSSOLHGLVWKHWRWDO
HQHUJ\LQSXWLQWRWKHV\VWHP WKURXJKSXPSVDQGWDQNVZKLOHHQHUJ\GHOLYHUHGLV WKDWZKLFKUHDFKHVWKHQRGHVDV
SUHVVXUHDQGIORZ(QHUJ\SRWHQWLDOLVWKHHQHUJ\XVHGWRRYHUFRPHHOHYDWLRQGLIIHUHQFHVLQWKHV\VWHPDQGHQHUJ\
GLVVLSDWHGFRQFHUQVIULFWLRQORVVHV7KHUDWLRRIHQHUJ\GHOLYHUHGWRWRWDOHQHUJ\VXSSOLHGLQFOXGLQJSRWHQWLDOHQHUJ\
DGGHGE\JUDYLWDWLRQDOIORZLVDQLQGLFDWRURIV\VWHPHIILFLHQF\
1HWZRUNFKDUDFWHULVWLFVDUHJLYHQLQ7DEOHDQGWKHOD\RXWLQ)LJ7KHGHPDQGSDWWHUQZDVDOWHUHGWREHWWHU
UHSUHVHQWXUEDQGHPDQGZLWKWZRSHDNVLQWKHPRUQLQJDQGWKHDIWHUQRRQ'HPDQGKRZHYHUZDVVHWWRIOXFWXDWH
PRUH WKDQZRXOGEHH[SHFWHGGXULQJQRUPDORSHUDWLRQVYDU\LQJEHWZHHQPLQLPXPKDYHUDJHKPD[LPXP
KDQGSHDNGHPDQGKWKURXJKRXWWKHGD\7KLVQRWRQO\DOORZVIRUWKHDQDO\VLVRIGLIIHUHQWH[WUHPHVFHQDULRV
EXWDOVRRIV\VWHPUHVSRQVHWRZLGHYDULDWLRQVLQGHPDQG3HDNLQJFRHIILFLHQWVZHUHEDVHGRQUHFRPPHQGDWLRQVIURP
0($DQG<VXVL>@
7DEOH3URSHUWLHVRIWKHQHWZRUNFRQILJXUDWLRQVRULJLQDOIHZHUORRSV/ODUJHUGLDPHWHUV'
 1R1RGHV 1R3LSHV 'HPDQG/V 3LSH/HQJWKNP 9ROXPHP
1HW     
1HW/     
1HW/'     


)LJ6FKHPDWLFUHSUHVHQWDWLRQRI1HWZRUNDZLWKORRSVEIHZHUORRSV
7KUHHFRQILJXUDWLRQVZHUHPRGHOHGRULJLQDOGHVLJQ ZLWK ORRSVQHWZRUNZLWK IHZHU ORRSV DQGQHWZRUNZLWK
IHZHUORRSV\HWODUJHUSLSHGLDPHWHUVHDFKSLSHGLDPHWHUZDVLQFUHDVHGPPIRUVLPSOLFLW\7KHHIIHFWVRIWDQN
DQGSXPSVL]LQJZHUHDOVRH[SORUHG7KHXVHRIORRSVIRULQFUHDVLQJUHVLOLHQFHLVVXJJHVWHGLQGHVLJQPDQXDOVDQG
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ZLGHO\DSSOLHGGXHWRWKHUHGXFWLRQLQGLVVLSDWLRQDVZHOODVWKHFUHDWLRQRIDOWHUQDWHIORZSDWKVLQFDVHRIEUHDNV>
@7KHVHFRQGDGYDQWDJHLVREYLRXVO\QRWDSSOLFDEOHLQWKHFDVHRISLSHGLDPHWHULQFUHDVHDQGLVOHVVIUHTXHQWO\
PHQWLRQHGLQWKHOLWHUDWXUH/DUJHGLDPHWHUSLSHVFRPSDUHGWRORRSVKRZHYHUJHQHUDOO\LQFXUORZHULQVWDOODWLRQFRVWV
7KUHH VFHQDULRV ZHUH DQDO\]HG QRUPDO GHPDQG SDWWHUQ UDQJLQJ IURP PLQLPXP WR SHDN ILUH IORZ GXULQJ
PD[LPXPGD\GHPDQGDQGDSLSHEXUVWVFHQDULRGXULQJSHDNGHPDQG)LUHIORZZDVVHWDWDFULWLFDOORZHVWSUHVVXUH
SRLQWLQWKHQHWZRUNDQGOHDNDJHGXHWRDSLSHFUDFNZDVORFDWHGLQDQDUHDZLWKKLJKHQHUJ\GLVVLSDWLRQZKLFKZRXOG
SRVVLEO\EHPRUHSURQHWREXUVWLQJ7KHDGGLWLRQDOGHPDQGVGXHWRILUHDQGOHDNDJHHDFKZLWKDGXUDWLRQRIKRXUV
ZHUHDVVLJQHGWRGXPP\QRGHVFRQQHFWHGWRWKHQHWZRUNE\VKRUWSLSHVZLWKLQVLJQLILFDQWKHDGORVV7KHUDWHRIILUH
IORZ/VZDVGHWHUPLQHGEDVHGRQWKHGHPDQGVLQWKHV\VWHPDQGUHFRPPHQGDWLRQVIRUUHVLGHQWLDOGZHOOLQJV
>@/HDNVZHUHGHILQHGDVHPLWWHUVLQ(3$1(7ZLWKDSUHVVXUHH[SRQHQWRIDVVXJJHVWHGE\/DPEHUW>@7KH
GLVFKDUJHFRHIILFLHQWZDVFDOFXODWHGDVVXPLQJDSSUR[LPDWHO\RIGHPDQGZRXOGOHDNIURPWKHEURNHQSLSH7KLV
UHVXOWHGLQDFRHIILFLHQWRI
'XHWRORZSUHVVXUHVKHDGVZHUHGRXEOHGLQWKH3XPSFXUYH*LYHQDZLGHYDULDWLRQLQHQHUJ\HIILFLHQF\IXUWKHU
PRGLILFDWLRQVZHUHPDGHWRWKHV\VWHPLQRUGHUWRLPSURYHLWVSHUIRUPDQFHDQGLQYHVWLJDWHWKHHIIHFWVRIWDQNDQG
SXPSVL]LQJRQV\VWHPRSHUDWLRQ$FFRUGLQJO\WKUHHYDULDWLRQVZHUHPRGHOHGRULJLQDOUHGXFHGVWRUDJHDQGUHGXFHG
VWRUDJHDVZHOODVSXPSSRZHU%DVHGRQWKHGHILQLWLRQVRIUHOLDELOLW\YXOQHUDELOLW\DQGUHVLOLHQFHJLYHQE\6ROLVHW
DO >@ IRU ZDWHU SODQQLQJ DQG PDQDJHPHQW V\VWHP SHUIRUPDQFH PHWULFV ZHUH FDOFXODWHG IRU HDFK QHWZRUN
FRQILJXUDWLRQ,QVWHDGRIXVLQJWKHSUREDELOLW\RIVXSSO\PHHWLQJGHPDQGWKHSHUFHQWDJHRIHQHUJ\GHOLYHUHGLHWKH
V\VWHP¶VHQHUJ\HIILFLHQF\ZDVXVHGWRGHWHUPLQHWKHPHWULFV5HOLDELOLW\UHODWHGWRWKHV\VWHP¶VSHUIRUPDQFHXQGHU
GLIIHUHQWFRQGLWLRQVZDVGHILQHGDVWKHDYHUDJHHQHUJ\HIILFLHQF\RYHUDOOVFHQDULRV
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9XOQHUDELOLW\ UHSUHVHQWV WKH VHYHULW\ RI IDLOXUH ,W LV WKH PLQLPXP HIILFLHQF\ UHDFKHG E\ WKH V\VWHP GXULQJ
HPHUJHQF\ HYHQWV RU QRUPDO RSHUDWLRQ HTXDWLRQ  6LPLODU WR UHOLDELOLW\ LW DOVR LQGLFDWHV WKH UDQJH RI V\VWHP
HIILFLHQF\
 VXS 9XOQHUDELOLW\ PLQ W LGHOW L( (   
,Q D VLPLODUZD\ UHVLOLHQFH LV FDOFXODWHG DV WKH DYHUDJH HIILFLHQF\ EXW SDUWLFXODUO\ DIWHU HPHUJHQF\ HYHQWV ,W
UHSUHVHQWVWKHV\VWHP¶VFDSDFLW\WRDGDSWWRFKDQJHDQGUHFRYHUDIWHUDSHULRGRIIDLOXUHK7KURXJKRXWWKLVSHULRG
V\VWHPUHTXLUHPHQWVDUHQRORQJHULQFUHDVLQJ$SHULRGRIIRXUKRXUVDIWHUDILUHHYHQWRUDEXUVWZDVXVHG'XULQJ
WKLVWLPHGHPDQGVDUHVWLOOUHGXFLQJDIWHUPD[LPXPRUSHDNIORZ
    VXS 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5HVLOLHQFH 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K V  
 ¦ ¦   
7KHVHPHWULFVGHVFULEHV\VWHPSHUIRUPDQFHXQGHUGLIIHUHQWFRQGLWLRQV+RZHYHUEHFDXVHWRWDOSLSHIDLOXUHZDV
QRW PRGHOHG EXW RQO\ FUDFNV WKH\ GR QRW IXOO\ UHSUHVHQW WKH DGYDQWDJH RI ORRSV FUHDWLQJ DOWHUQDWH IORZ SDWKV
$FFRUGLQJO\DIRXUWKPHWULFVQHWZRUNFRQQHFWLYLW\ZDVGHILQHGDVWKHPLQLPXPSHUFHQWDJHRIGHPDQG4GHOLYHUHG
JLYHQDSLSHSEUHDNHTXDWLRQ
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&RQQHFWLYLW\ PLQ UHTGHO S4 4§ ·¨ ¸© ¹   
7KHQHWZRUNZDVUHSUHVHQWHGDVDQDGMDFHQF\PDWUL['HPDQGVDWWKHQRGHVDUHPHWLIWKHVHDUHFRQQHFWHGGLUHFWO\
RULQGLUHFWO\WRDVRXUFHRIZDWHULHDWDQNRUDUHVHUYRLU%DVHGRQWKHORFDWLRQRIWKHVRXUFHVUHSUHVHQWHGE\D
YHFWRU & WKH QRGHV WKDW DUH FRQQHFWHG WR WKH VRXUFH ZHUH GHWHUPLQHG ZLWK HTXDWLRQ  7KH GHPDQGEDVHG
FRQQHFWLYLW\ HTXDWLRQZDVFDOFXODWHGDVVXPLQJ WKDWDQHWZRUNFRQQHFWLRQEHWZHHQD VRXUFHDQGDQRGHZRXOG
VXIILFHIRUZDWHUWREHGHOLYHUHG7KLVPD\QRWEHWUXHKRZHYHU,QRUGHUWRFDOFXODWHWKHWUXHGHPDQGGHOLYHUHGD
PRUHFRPSOH[K\GUDXOLFDQDO\VLVRIHDFKSLSHEUHDNZRXOGEHQHFHVVDU\1HYHUWKHOHVVWKHSURSRVHGPHWULFLVVLPSOH
LQIRUPDWLYH DQG EHFDXVH FRQQHFWLYLW\ LV ZHLJKWHG E\ GHPDQG DGGV V\VWHP NQRZOHGJH WR WKH DVVHVVPHQW RI WKH
QHWZRUN
     

 
Q M
M
& Q & Q $ Q Q
 
u  u u¦   
$QDJJUHJDWHPHWULFZDVDOVRFDOFXODWHGVLPLODUWRWKHSHUIRUPDQFHLQGH[SURSRVHGE\6ROLVHWDO>@6KRZQLQ
HTXDWLRQ LW LV WKHJHRPHWULFDYHUDJHRIDOO WKHSHUIRUPDQFHPHWULFV 3P7KHVHUDQJHIURP WKHXSSHU OLPLW
LQGLFDWLQJWKHEHVWVLWXDWLRQ5HVXOWVIURPDJHRPHWULFDYHUDJHDUHYHU\VLPLODUWRWKRVHIURPDQDULWKPHWLFDYHUDJHLI
HIILFLHQFLHV DUH FRQVLVWHQW WKURXJKRXW QRUPDO RSHUDWLRQV DQG HPHUJHQF\ HYHQWV UREXVW QHWZRUNV +RZHYHU IRU
V\VWHPVZLWKDZLGHUUDQJHRISHUIRUPDQFHWKHJHRPHWULFDYHUDJHUHSUHVHQWVWKLVLQFRQVLVWHQF\EHWWHU
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5HVXOWVDQG'LVFXVVLRQ
$YHUDJH HQHUJ\ PHWULFV RYHU WKH KRXU VLPXODWLRQV ZHUH IRXQG WR YDU\ OLWWOH EHORZ  IRU WKH VDPH
FRQILJXUDWLRQGHVSLWHGLIIHUHQWGHPDQGVFHQDULRVQRUPDOILUHRUEXUVW7KLVLQGLFDWHVWKDWWKHVHV\VWHPVDUHUREXVW
DQGWROHUDQWWRHPHUJHQF\HYHQWVRIWKLVPDJQLWXGH1HYHUWKHOHVVWKHRULJLQDOQHWZRUNH[SHULHQFHVDZLGHYDULDWLRQ
LQGLVVLSDWLRQ DQG FRQVHTXHQWO\ LQ HQHUJ\ HIILFLHQF\ZKLFK LQFUHDVHV WKURXJKRXW WKHGD\ IURP WRXQGHU
QRUPDOGHPDQGV'XULQJWKHLQLWLDOKRXUVRIWKHVLPXODWLRQERWKWDQNVDUHEHLQJILOOHGDWDUDWHWKDWLVPRUHWKDQVHYHQ
WLPHVJUHDWHUWKDQWKHWRWDOGHPDQGDWMXQFWLRQV+RZHYHUOHVVWKDQRIWKHZDWHUVWRUHGLVXVHGGXULQJSHDNIORZ
7KHUHIRUHWKHUDWHRIWDQNILOOLQJLVQRWFRQVLVWHQWZLWKWKHUDWHRIGUDLQLQJJHQHUDWLQJXQQHFHVVDULO\KLJKIORZVDQG
GLVVLSDWLRQ7KHHIIHFWVRIRYHUVL]LQJWDQNVJREH\RQGZDWHUTXDOLW\LIWKH\DUHQRWRSHUDWHGDGHTXDWHO\7DQNVDUH
JHQHUDOO\ILOOHGZKHQHOHFWULFLW\SULFHVDUHORZHVWDWQLJKWZKLFKFRLQFLGHVZLWKORZZDWHUGHPDQG1RQHWKHOHVVWKH
UDWHDWZKLFKWKH\DUHILOOHGPXVWEHFDUHIXOO\FRQVLGHUHGDVLQGLFDWHGE\WKLVKLJKGLVVLSDWLRQ
$FFRUGLQJO\DFRQILJXUDWLRQZLWKUHGXFHGVWRUDJHZDVDQDO\]HGLQRUGHUWRDVVHVVWKHHIIHFWRIVWRUDJHILOOLQJUDWHV
RQV\VWHPHIILFLHQF\7KHPD[LPXPOHYHOVRIWKHWDQNVZHUHFKDQJHGWRHTXDOWKHLULQLWLDOOHYHOV7KLVUHVXOWHGLQD
QDUURZHUYDULDWLRQRIHIILFLHQF\EHWZHHQDQGQRUPDOGHPDQGV7KHORZSRLQWLQWKLVFDVHLVGXHWRSHDN
GHPDQG )XUWKHUPRUH WKH DYHUDJH HIILFLHQF\  LV KLJKHU WKDQ WKH FDVH ZLWK PRUH VWRUDJH  7KH HQHUJ\
VXSSOLHGE\WKHSXPSVKRZHYHULQFUHDVHGPRUHWKDQWZRIROG7DEOH6LPSO\UHGXFLQJVWRUDJHLQFUHDVHGHQHUJ\
UHTXLUHPHQWVEHFDXVHSXPSVEHFDPHRYHUVL]HGIRUWKHJLYHQIORZ3UHVVXUHVDUHKLJKHULQWKHQHWZRUN\HWOHVVHQHUJ\
LVGLVVLSDWHG
$QRWKHUYDULDWLRQRI1HWZRUNZDVWKHUHIRUHDOVRPRGHOHG,QDGGLWLRQWRWKHGHFUHDVHLQVWRUDJHV\VWHPSXPSLQJ
FDSDFLW\ ZDV UHGXFHG E\ ORZHULQJ WKH KHDG LPSDUWHG DW SXPS  7KLV GHFUHDVHG SXPS VXSSO\ UHTXLUHPHQWV ,Q
FRPSDULVRQWRWKHRULJLQDOFDVHKRZHYHUHQHUJ\VXSSOLHGLVKLJKHU7DEOH1HYHUWKHOHVVWKHDPRXQWRIHQHUJ\
GLVVLSDWHGLVORZHULQGLFDWLQJKLJKHUV\VWHPHIILFLHQF\ORZHUSUREDELOLW\RISLSHIDLOXUHUHGXFHGPDLQWHQDQFHFRVWV
DQGEHWWHUTXDOLW\VHUYLFHIRUXVHUV$PRUHGHWDLOHGDQDO\VLVRI WKH ORQJWHUPEHQHILWVDQGFRVWVRIHDFKVFHQDULR
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ZRXOGQHHGWREHFRPSOHWHGLQRUGHUWRFKRRVHEHWZHHQORZHUHQHUJ\VXSSO\\HWKLJKHUGLVVLSDWLRQDQGKLJKHUHQHUJ\
VXSSO\\HWORZHUGLVVLSDWLRQ
7KH QHWZRUN FRQILJXUDWLRQV ZLWK IHZHU ORRSV DQG ODUJHU GLDPHWHUV SUHVHQW KLJKHU HIILFLHQFLHV DQG EHWWHU
SHUIRUPDQFHPHWULFVFRPSDUHGWRWKRVHZLWKVLPSO\IHZHUORRSVH[FHSWIRUFRQQHFWLYLW\7DEOH&RQQHFWLYLW\RI
WKHQHWZRUNVZLWKIHZHUORRSVZLWKZLGHUSLSHVRUQRWDUHWKHVDPHVLQFHWKLVPHWULFRQO\GHSHQGVRQWKHOD\RXWRI
WKHQHWZRUNDQGGHPDQGV$FRPSDULVRQEHWZHHQWKHHIILFLHQF\RIWKHFDVHVZLWKORRSVDQGZLGHUSLSHVFDQQRWEH
PDGHGLUHFWO\KRZHYHUVLQFHWKH\GRQRWUHSUHVHQWWKHVDPHH[WHQWRIFKDQJH1HLWKHUWKHLQFUHDVHLQSLSHPDWHULDOV
QHWZRUNYROXPHQRUHIILFLHQF\ LVHTXDO1RQHWKHOHVVZKHWKHU WKURXJKPRUH ORRSVRUZLGHUSLSHV DQ LQFUHDVH LQ
UHGXQGDQF\FDXVHVDQLQFUHDVHLQHIILFLHQF\
7DEOH1HWZRUNSHUIRUPDQFHPHWULFVRULJLQDOIHZHUORRSV/ODUJHUGLDPHWHUV'UHGXFHGVWRUDJH6UHGXFHGSXPSLQJ3
 3XPS6XSSO\
N:K
5HOLDELOLW\
$YJKHII
9XOQHUDELOLW\
0LQHII
5HVLOLHQFH
$YJHII
SRVWIDLOXUH
&RQQHFWLYLW\
0LQ4GHO
3,
1HW      
1HW/      
1HW/'      
1HW6      
1HW6/      
1HW6/'      
1HW63      
1HW63/      
1HW63/'      

7KHSHUIRUPDQFHLQGH[SURYLGHVDVLPSOHUHSUHVHQWDWLRQRIWKHV\VWHP¶VDYHUDJHSHUIRUPDQFH7KHRWKHUPHDVXUHV
DUHQHYHUWKHOHVVVLPSOHDQGSURYLGHPRUHLQIRUPDWLRQHVSHFLDOO\DERXWWKHUDQJHRIHIILFLHQFLHVH[SHULHQFHGE\WKH
V\VWHP UHODWHG WR LWV IOH[LELOLW\ DQG DGDSWDELOLW\%HVLGHV WKHSHUIRUPDQFHRI WKH LQIUDVWUXFWXUH RWKHU FULWHULD WKDW
ZRXOGQHHGWREHLQFOXGHGLQGHFLVLRQVUHJDUGLQJZDWHUGLVWULEXWLRQV\VWHPVDUHFRQVWUXFWLRQRSHUDWLRQPDLQWHQDQFH
DQGUHSDLUFRVWVDVZHOODVVWDQGDUGSUHVVXUHUDQJHVWRHQVXUHV\VWHPVDIHW\
&RQFOXVLRQ
3LSHQHWZRUNVDUHERWKSK\VLFDOO\FRPSOH[DQGDUHGHVLJQHGWRPHHWDZLGHUDQJHRIKXPDQQHHGVRYHUDZLGH
UDQJHRIRSHUDWLRQFRQGLWLRQV1RWVXUSULVLQJO\DVVHVVPHQWRIVXFKDPXOWLREMHFWLYHDQGG\QDPLFV\VWHPLVQRWD
VWUDLJKWIRUZDUGSUREOHPDQGPDQ\DSSURDFKHVKDYHEHHQSURSRVHGWRSURYLGHVXLWDEOHSHUIRUPDQFHLQGLFHVVRPHRI
ZKLFKDUHVXPPDUL]HGDQGGLVFXVVHGKHUHLQFOXGLQJUHOLDELOLW\YXOQHUDELOLW\UHVLOLHQFHDQGFRQQHFWLYLW\$OORIWKHVH
WDUJHWFHUWDLQSHUIRUPDQFHPHDVXUHVXQGHUFHUWDLQFRQFHLYDEOHFRQGLWLRQV
)RU WKH V\VWHPVWXGLHGDYHUDJHPHWULFVRYHU WKHH[WHQGHGSHULRGRI VLPXODWLRQZHUH IRXQG WREH UHPDUNDEO\
VLPLODUIRUWKHVDPHGHVLJQLQGHSHQGHQWRIQRUPDOILUHRUEXUVWFRQGLWLRQV7KLVGHPRQVWUDWHGWKHUREXVWQHVVRIWKH
V\VWHPEXWZDVQRWUHODWHGWRHIILFLHQF\7KHQHWZRUNVZLWKORRSVRUZLWKIHZHUORRSVDQGZLGHUSLSHVSUHVHQWHG
KLJKHUHIILFLHQFLHV,QFUHDVHGGLDPHWHUVL]HZDVIRXQGWREHPRUHEHQHILFLDOIURPDQHQHUJ\HIILFLHQF\SHUVSHFWLYH
1HYHUWKHOHVV ORRSV SURYLGH DGGLWLRQDO UHVLOLHQFH DJDLQVW EXUVWV DOORZLQJ IORZ WR EH GLYHUWHG DV VKRZQ LQ WKH
FRQQHFWLYLW\PHWULF&KRRVLQJEHWZHHQFUHDWLQJORRSVDQGDXJPHQWLQJSLSHVZLOOGHSHQGRQWKHQHWZRUNDQGZKDW
HDFKDOWHUQDWLYHHQWDLOVWRWKHV\VWHPDVDZKROHHFRQRPLFDOO\HQYLURQPHQWDOO\DQGVRFLDOO\%XWFHUWDLQO\WKHUHVXOWV
KLQWWKDWWKHYDULRXVSHUIRUPDQFHPHDVXUHVDUHOLNHO\KLJKO\FRUUHODWHGLQPDQ\V\VWHPV
%DVHGRQWKHYDULDWLRQRIWKHSHUIRUPDQFHPHWULFVLWZDVREVHUYHGWKDWWKHUDWHRIGHOLYHULQJZDWHUWRWDQNVDIIHFWV
HQHUJ\HIILFLHQF\7KXVLQVWHDGRIWDQNILOOLQJV\VWHPHTXDOL]DWLRQVKRXOGEHWKHIRFXV2YHUVL]LQJRISXPSVFDQDOVR
FDXVHXQQHFHVVDULO\KLJKSUHVVXUHV$OWHUQDWLYHO\UHGXQGDQF\FDQEHHVWDEOLVKHGWKURXJKYDULDEOHVSHHGSXPSVRU
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DGGLWLRQDOSXPSV7KHJRDORIFRXUVHLVWKDWWKHSURSRVHGPHWULFVFDQEHXVHGWRDVVHVVDVZHOODVFRPSDUHGLIIHUHQW
QHWZRUNFRQILJXUDWLRQVFRQGLWLRQVDQGV\VWHPV,QFUHDVLQJWKHPHWULFVHQVXUHVDKLJKHUSHUIRUPDQFHRIWKHV\VWHP
XQGHUYDULRXVFRQGLWLRQV<HWLQWHUSUHWDWLRQRIPLQRUYDULDWLRQVLQWKHLUTXDQWLWDWLYHYDOXHVLVQRW\HWFOHDU)XWXUH
VWXGLHVVKRXOGDSSO\WKHVHPHWULFVWRUHDOQHWZRUNVWRIXUWKHULQYHVWLJDWHWKHHIIHFWRIPRGLI\LQJQHWZRUNOD\RXWSXPS
DQGWDQNVL]LQJYDOYHDOORFDWLRQDQGRSHUDWLRQDOSDUDGLJPV
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